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EVIDENCE FOR A SECOND THIAMIN 


By WILL1AM J. ROBBINS AND FREDERICK KAVANAGH 


THE NEw YorK BOTANICAL GARDEN 


Communicated May 10, 1938 


In an earlier paper! the authors reported briefly the effect on the growth 
of Phycomyces Blakesleeanus of each of 36 pyrimidines when used in a nu- 
trient solution with 4-methyl-58 hydroxyethyl thiazole, one of the two in- 
termediates from which Williams and Cline synthesized thiamin (vitamin 
’ Bi). Thirty of these compounds had been tested by the writers and six of 
them by other investigators. At that time we were unable to determine the 
significance of the CH; group in the second position on the pyrimidine ring 
because suitable compounds were not available. 

Through the courtesy of the I. G. Farbenindustrie Aktiengesellschaft, 
samples of 5-bromo-methyl-6-amino pyrimidine and 2-ethyl-5-bromo- 
methyl-6-amino pyrimidine were secured. The first of these compounds 
differs from the pyrimidine used by Williams and Cline in having hydrogen 
substituted for the methyl group in the second position; the second com- 
pound has the ethyl group for the methyl group. 

When ten units of 5-bromo-methyl-6-amino pyrimidine were used with 
ten units of the vitamin thiazole in the nutrient solution previously de- 
scribed! no growth of Phycomyces occurred. The second compound used in 
the same way was as effective as the 2-methyl-5-bromo-methyl-6-amino pyr- 
imidine. For both sets of experiments the solutions containing the supple- 
ments were sterilized by heating at 15 Ib. pressure for 15 minutes. 

We conclude that for Phycomyces the methyl] group in the second position 
on the vitamin pyrimidine is important since the substitution of hydrogen 
for the methyl group eliminated the activity of the pyrimidine. However, 
the effectiveness of the compound is largely or entirely retained when the 
ethyl group replaces the methyl group in the second position. 

This observation suggests that there may be more than one compound 
capable of functioning in the living organism as thiamin does; a methyl 
thiamin, the compound originally isolated and synthesized, and an ethyl 
thiamin differing from the former in having the CH; group in the second 
position on the pyrimidine ring replaced by the C2H; radical. 
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In our experiments we have used the pyrimidine and thiazole compounds 
as such. From evidence presented previously? we believe, however, that 
the vitamin molecule (not the intermediates themselves) functions in facili- 
tating the growth of Phycomyces. When a mixture of a particular pyrimi- 
dine and a particular thiazole is effective we conclude that the vitamin 
molecule or a substitute therefor is synthesized by the organism from the 
intermediates. It is on this basis that we suggest the existence of an ethyl 
thiamin. 

There is of course the possibility that the fungus was able to substitute 
the methyl for the ethyl group and that the final effective product was 
identical with thiamin. We have no evidence on this point, though we are 
inclined to assume that this is not probable. 

If there is an ethyl thiamin as we suggest there may also be other 
thiamins such as propyl and butyl. The investigation of this possibility 
must necessarily wait on the availability of suitable pyrimidines. 


1 William J. Robbins and Frederick Kavanagh, Proc. Nat. Acad. Sct., 24, 141-145 
(1938). 
* William J. Robbins and Frederick Kavanagh, Jbid., 23, 499-502 (1937). 


AN ASTACENE-LIKE CAROTENOID FROM A PACIFIC COAST 
ANEMONE, EPIACTIS PROLIFERA 


By Dents L. Fox AND CHESNEY R. MoE 


Scripps INSTITUTION OF OCEANOGRAPHY, UNIVERSITY OF CALIFORNIA, * AND SAN DIEGO 
STATE COLLEGE 


Communicated May 14, 1938 


While many fishes, mollusks, crustaceans, anemones and members of 
other phyla contain known carotenoids of recognized plant origin, including 
any or several carotenes and xanthophylls, contributions from various in- 
vestigators during recent years have brought out the fact that numerous 
marine animals contain also previously undescribed carotenoids as well, 
resulting in a steady extension of our list of known lipochromes peculiar to 
animals. These animal lipochromes fall chiefly into the classes of acidic 
and xanthophyllic carotenoids. (See reference in Zechmeister, 1934, 1937; 
Lederer, 1933, 1935, 1938; Heilbron, Jackson and Jones, 1935.) 

Heilbron and his co-workers (op. cit.) have given some attention to lipo- 
chromes of several species of sea anemones, and report, among other pig- 
ments, including new animal xanthophylls, a deep red, acidic carotenoid 
ester from Actinoloba dianthus, which, when hydrolyzed and crystallized 
in pure condition, showed a single absorption maximum in CS, at 495 mu. 
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From Tealia felina they obtained, along with other carotenoids, a different 
orange-red acid which showed a single absorption maximum in the same 
solvent of 500 mu, whether free or in the natural esterified condition. While 
both of these pigments resembled astacene in their general color, acidic 
character and the possession of a single absorption band, neither was identi- 
cal with it, since the positions of the respective bands were somewhat re- 
moved toward the violet from that of astacene, which is reported by Led- 
erer (1935) to have an absorption maximum at 510 my in CS,; Karrer and 
Solmssen (1935) report 514 my (497 my before hydrolysis) asthe maximum of 
astacene in CS; they obtained the pigment from the sponges Axinella 
crista-galli and Suberites domuncula, as well as from a gastropod mollusk 
Pleurobranchus elegans, and a sea-star Echinaster sepositus. Additional 
critical data which set Heilbron’s red carotenoids apart from astacene were 
in the melting points: while astacene melts at 240-243°C. (Zechmeister, 
1934; Lederer, 1935), Heilbron’s astacene-like carotenoid acids melted 
at 195-196°C. and 205-208°C.. respectively. 

Astacene is a tetraketo-beta-carotene (Karrer and Loewe, 1934). In 
view of the exceptional change brought about by various animals in an 
otherwise intact carotene or xanthophyllic molecule, resulting in the pres- 
ence of four ketone groups (two on either terminal ionone ring) it would 
seem not unlikely that other typically animal carotenoids of similar but not 
identical physical and chemical properties might be synthesized by mem- 
bers of certain phyla. Of this we have already considerable evidence, as 
brought out above; facts reported below would appear to add information 
of similar significance. 

An important question regarding the unique oxidative changes, such as are 
involved in the formation of astacene in animals is: Do those lipochromes 
which are peculiar only to animals result from biochemical differences 
in various animal species, all of which may modify a common carotenoid con- 
tained in their diet, or may the various animal species instead use each a 
different carotenoid as substrate for the synthesis? As an instance, we may 
consider for a moment the fact that taraxanthin, which seems to occur com- 
monly in numerous marine forms (Fox, 1936; Young and Fox, 1936; see 
also citations in Zechmeister, 1937) has the empirical formula CyH»eO, 
(Kuhn and Lederer, 1931), while the empirical formula for astacene is Cuy- 
H,gO,—a difference of 8 H atoms, corresponding to the conversion of four 
secondary alcoholic groups to four ketonic groups. This particular pic- 
ture is offered not as a suggestion of the exact compounds involved, but 
as a general working hypothesis for possible use as a guide in future meta- 
bolic studies to be made in pursuit of the problem. 

This contribution concerns an interesting anemone, Epiactis prolifera, 
Verrill, found along the California coast from Puget Sound to San Diego 
(Johnson and Snook, 1927). Its young complete their development in 
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numerous circular pits around the outside of the parent’s body, migrating 
later to positions on the substrate in the immediate vicinity. The color of 
this animal is red, orange-red or occasionally red-brown. It is of relatively 
small size, adults having a pedal disc diameter of 10-20 mm., and a similar 
height. 

During June and July, 1936, great numbers of this species bearing young 
were taken from the kelp beds off the coast at San Diego, where they were 
found attached to the blades and stipes of the giant kelp Macrocystis pyri- 
fera, along with other small animals, including species of the sedentary, 
tube-building serpulid worm Spirorbis and the small amphipod Caprella. 
We were led to believe that the anemone fed, at least in part, upon the 
latter amphipod. 

When a few of the whole animals were ground in a mortar with sand and 
ethyl alcohol, the tissues yielded a yellow-orange extract. The epiphasic 
character of the pigment at this stage was demonstrated by its quantitative 
extraction from >90% alcohol by shaking with ligroin. Hydrolysis was 
brought about by treatment with alcoholic KOH for two or three hours in a 
hot water bath. Subsequently all pigment remained dissolved in the 
aqueous alcohol layer. Attempted extraction with ligroin now resulted in 
little or no yield of pigment to the latter solvent, even after diluting the 
alcohol layer with much water. Upon adding concentrated sodium chlo- 
ride solution, the emulsion broke, the pigment being thrown out at the in- 
terface of the two liquids as a red potassium salt. Slight acidification of 
the system with acetic acid immediately hydrolyzed the potassium salt, 
and the free pigment was now dissolved in the ligroin layer. The neutral 
pigment was subjected to partition between 90% CH3OH and ligroin; part 
of it migrated into the alcoholic layer below; on adding a drop of concen- 
trated alkali all pigment was transferred from the ligroin phase into the 
alcoholic layer; re-acidification returned the pigment mostly into the lig- 
roin phase as before. 

Many more of the animals, brought in on the kelp, on July 13, 1936, were 
carefully removed and placed in glass tanks of running sea water. After 
twenty-four hours, during which interval no deaths occurred, and the anemo- 
nes attached themselves to the walls of the container, about fifty animals 
were detached, rolled carefully and cleaned on filter paper to remove water 
and possible extraneous sources of pigment. The net weight of the mass of 
animals so treated was 13 grams. Upon dropping into pure methyl al- 
cohol, much protein, probably of a mucous nature, was soon precipitated. 
The bodies of the anemones changed in color from the original orange or 
orange-pink to coral pink, while the alcohol took on an orange-yellow color. 
After storing overnight, under an inert atmosphere of illuminating gas, in a 
glass-stoppered bottle placed in an electric refrigerator, the methyl alcohol 
was decanted from the anemones, fresh 95% ethyl alcohol was added and 
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the tissues reduced to very fine particles by grinding for one and one-half 
hours in an Abbé ball mill. The mass was next extracted of all remaining 
pigment by washing with successive applications of alcohol, drawing the 
solvent off through a sintered glass filter. Finally the combined methyl- 
and ethyl-alcoholic extracts were treated in a closed system with alco- 
holic KOH in a hot water bath for two hours. The hydrolysate was stored 
under illuminating gas in the refrigerator overnight. 

Dilution of the hydrolysate and a single extraction with ligroin yielded a 
very small amount of pigment to the latter solvent; subsequent washes 
yielded no more, all pigment remaining, as in the earlier experiment, in the 
aqueous alcoholic layer below, even after considerable dilution. 

The trace of pigment extracted in ligroin from the diluted alkaline al- 
coholic hydrolysate was separated, carefully washed free of alcohol, freed 
of traces of water and passed through a micro-chromatographic column of 
dry CaCOs; no pigment was adsorbed. The ligroin in the filtrate was evapo- 
rated, and the residual pigment taken up in CS», giving an orange-colored 
solution. This pigment was present in too small quantities to obtain good 
spectrophotometric measurements, but the facts that, after prolonged treat- 
ment with alcoholic KOH, it remained quantitatively epiphasic in the parti- 
tion test between ligroin and 90% CH;OH, and was unadsorbed by CaCOs, 
marked it asa carotene. The main mass of pigment was now subjected to 
the same treatment as described in the first investigative procedure, and 
the earlier observations were duplicated; acidification freed the red carote- 
noid acid from combination as a potassium salt and rendered it extractable 
with ligroin; ligroin solutions of the pigment were orange-yellow; solid 
pigment residues were magenta-red in color, as were CS. solutions; parti- 
tion tests of the free pigment between ligroin and 90% CH3OH showed its 
solubility in both layers; alkalization of the system brought the pigment en- 
tirely back into the alcohol layer. 

Chromatographic treatment of a ligroin solution of the free pigment upon 
a column of CaCO; showed a single slowly advancing rose-red zone. This 
procedure was repeated and gave an identical observation. The pigment 
was gradually washed through the column with added quantities of ligroin; 
when the solvent finally came through the column colorless, the filtered pig- 
ment solution was removed from the receiving flask and kept separately. 
Additional ligroin containing a little CHsOH now desorbed a trace of pig- 
ment which had remained in the column. This trace was too small to 
attempt to classify it further. Its behavior suggests that it might have 
been a xanthophyll, present originally as an ester. 

The absorption spectra of the free carotenoid acid and its ester, each in 
carbon disulphide, were determined separately by the direct visual methodof 
matching light intensities through a Bausch and Lomb spectrophotometer. 
Figure 1 shows arbitrary units of relative intensity (d = log J)/I, where I, 
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is the intensity of the light beam passing through the solvent alone, and J 
the intensity of the light beam passing through the solution of the pigment) 
plotted against \, the wave-length in A units. The lower curve of the ester 
and the upper curve of the free acid are not superposed, since there was no 
attempt to use identical concentrations (molecular weights being unknown) 
but merely to determine the region of the absorption maxima at any con- 
venient concentration. It is seen that the pigment, whether free or esteri- 
fied, shows a single broad band at 5000 A with a high degree of symmetry 
in the slopes for a length of 500 A on either side. (Compare asymmetry 
of astacene curve in pyridine, 
2.0 which has a _ considerably 
steeper slope between 5000 A 
} and 5500 A than between 
7 5000 A and 4500 A; illus- 
trated in Kuhn and Lederer, 
1933:  Zechmeister, 1934; 
1 Lederer, 1935.) 
i Summary.—The small red- 
orange anemone, Epiactis 
prolifera, Verrill, which in- 
habits the ocean waters of 
the Pacific Coast, owes its 


| striking color to considerable 


wt 


quantities of a red acidic 


4 carotenoid, present entirely 


in esterified form. The ani- 
mal contains also a trace of 
one of the carotenes, and 
Xr perhaps traces of an esterified 


FIGURE 1 
., xanthophyllic carotenoid. 
Absorption maximum of the chief carotenoid Wa 
The character of the acidic 


from Epiactis prolifera; upper curve, free acid; 
lower curve, natural ester. Ordinates: d = log carotenoid does not identify 
Ip/I. Abcissae: wave-length, X, in A. it with astacene, but its ab- 

sorption spectrum renders 
the pigment more similar to certain other acidic carotenoids found in 
other species of anemones by Heilbron, et al. 

The increasing number of known carotenoids peculiar to the animal king- 
dom emphasizes the question as to whether the biochemical differences in 
animal species are in the mode of action upon a single plant carotenoid, 
or in selective action of different animal species upon different plant 
carotenoids. 
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THE STRUCTURE OF THE RING-GLAND (CORPUS ALLATUM) 
IN NORMAL AND LETHAL LARVAE OF DROSOPHILA 
MELANOGASTER 


By BERTA SCHARRER AND ERNST HADORN 


DEPARTMENT OF ANATOMY, UNIVERSITY OF CHICAGO, AND DEPARTMENT OF ZOOLOGY, 
UNIVERSITY OF ROCHESTER 


Communicated April 29, 1938 


In a recent paper (Hadorn, 1937a) it was shown that puparium forma- 
tion in Drosophila melanogasier is brought about by a hormone. As the 
place of origin of this pupation hormone, an endocrine gland was described 
lying in the neighborhood of the brain. As long as no homology to other 
organs of that type in insects was found, this gland was called “ring-gland,”’ 
as it is identical with the “‘Ring’’ of Weismann who in 1864 described it as 
a supporting structure for the dorsal blood vessel of Calliphora vomitoria. 

Experiments with this ring-gland had the following results: 

(1) Compared with normal larvae the puparium in the Drosophila 
mutation “‘lethal-giant’’ (/g/-) is formed later or not at all. This process can 
be accelerated by implantation of a mature normal ring-gland to /g/-larvae, 
but not by any other tissue (for instance brain) from genetically normal 
larvae. 

(2) If ring-glands from normal larvae ready for pupation are implanted 
into younger normal larvae those: will show a premature puparium forma- 
tion. The degree of acceleration depends upon the time of injection and 
also upon the number of glands injected, three being more effective than 
one. The same accelerative effect can be obtained with mature normal ring- 
glands of Drosophila melanogaster in larvae of the more slowly developing 
Drosophila hydei and in lethal male crosses of the combination Drosophila 
melanogaster X Drosophila simulans (Hadorn, 1937b, Hadorn and Neel, 
1938). 

In the present paper the histological structure of the ring-gland was 
studied, the following questions being of particular interest: 

(1) Is there histological evidence for the secretory activity of the ring- 
gland cells? 

(2) Do ring-glands of old and young normal larvae (temporarily or per- 
manently) show a different appearance indicating perhaps a functional 
cycle? 

(3) Can normal ring-glands be differentiated from lethal ones? 

(4) Is the ring-gland of Drosophila homologous with the corpora allata 
found in other insects? 

1. Material.—As seen in table 1, normal and lethal larvae (/g/-) of Dro- 
sophila melanogaster were preserved at different ages in Bouin, Zenker-formol 
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or Champy. The material was embedded in celloidin, paraffin sections 
being used only as control material. The 5 yu serial sections (Rubaschkin 
method) were stained with Heidenhain’s iron hematoxylin, Mallory-azan 
or van Gieson. ; 


TABLE 1 
AGE OF LARVA MATERIAL NUMEINVESTIGATED 
1 day normal + /gl-larvae 5 
together 
1 day + 19 hours normal + /gl-larvae 4 
together 
2 days + 22 hours normal larvae 
lgl-larvae 
3 days normal + /gl-larvae 3 
together 
3 days + 16 hours normal larvae 4 
lgl-larvae 3 
3 days + 22 hours normal larvae 6 
lgl-larvae 2 
4 days + 4 hours normal larvae 4 
lgl-larvae 1 
4 days + 16 hours normal larvae 4 
Igl-larvae 1 
4 days + 18 hours normal larvae 4 
lgl-larvae 1 
4 days + 22 hours lgl-larvae 6 
5 days + 5 hours igl-larvae 5 
5 days + 20 hours Igl-larvae 2 
6 days Jgl-larvae 4 


2. Appearance of the Ring-Gland of a Normal Larva Ready for Pupa- 
tion.—As shown before in a diagram (Hadorn,,1937a, p. 480, Fig. 2), the 
ring-gland is located dorsally between the two hemispheres of the cerebral 
ganglion. Its longitudinal diameter is 200 u, the largest transverse exten- 
sion 130 u and the depth 30 to 40 uw. As described in other Diptera by for- 
mer investigators (Giacomini, 1900, Snodgrass, 1924), the “‘ring”’ is an- 
chored in its position by tendinous structures. Tracheae penetrate and 
pass through the ring-gland; the cells surrounding them (imaginal bud 
cells, Burtt, 1937) can easily be differentiated from the gland cells. Two 
longitudinal tracheae arising from the cerebral hemispheres take their 
way forward and outward w.thin the ventral part of the ring-gland. As 
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in Calliphora (Burtt, 1937), these two tracheal stems are connected by a 
transverse trachea. Significant is the fact that the ring encircles the aorta, 
the main part of the gland tissue being closely attached to the dorsal part 
of the vessel, whereas ventralward the ring becomes much thinner and ends 
more or less incompletely. The aorta itself can be traced from the heart 
to its termination in front of the ring-gland. The cells forming the thin 
wall of the vessel are thickened at those points where the oval-shaped 
nuclei are located. Sometimes one can observe in suitably stained sections 
that these cells contain a few delicate myofibrils showing a transverse 
striation; but only the part of the aorta posterior to the ring seems to be 
contractile. According to Giacomini (1900) the anterior portion of the 
dorsal vessel is incomplete in Eristalis tenax, consisting only of the upper 
half, whereas the lower lip ends immediately in front of the ring. The same 
is true in Drosophila; here this dorsal portion of the vessel is exceedingly 
thin, containing only comparatively large nuclei and ending in a membra- 
nous structure. Sometimes blood cells are found in the vessel especially in 
its frontal enlarged region. 

To establish the relationship between ring-gland and stomatogastric 
nervous system is more difficult in Drosophila larvae than in other less 
tiny Diptera. One can trace the recurrent nerve passing forward and form- 
ing a small ganglion (evidently homologous to the median ganglion of 
Lowne, 1890-95, and Burtt, 1937), which is in contact with the antero- 
ventral portion of the ring. 

The cells forming the ring-gland are of two different types which can be 
differentiated by their size as well as by their position. The main part of 
the ring is built by large cell elements (about 15—40 uv in diameter) which are 
very characteristic. Their cytoplasm is deeply staining and shows a more 
or less granular structure. In some of the cells vacuoles of different size 
and irregular form can be found. The cell boundaries are easily distin- 
guished in most of the preparations. The large nuclei of those elements 
are round or oval and have diameters from 10 to 17 uw; they contain one or 
two nucleoli (about 3 w in diameter). The chromatin is arranged in more 
or less distinct chromosome-like bodies as, for instance, in Chironomus 
(Burtt, 1937). Thus these cells are similar in their general appearance to 
the elements of the salivary glands. 

The cells of the smaller type form the central part of the ring-gland sur- 
rounding the anterior region of the ring-hole, and thus lying in the direct 
neighborhood of the dorsal vessel. Especially in its anterior part, this cell 
group shows‘a very intimate contact with the thin dorsal lip of the aorta. 
The area occupied by these smaller cells is about 60 » long (from the ring- 
hole oralward in the anterior direction), 30 u wide and 30-40 uw deep. In 
some preparations (azan) a very delicate connective tissue membrane can 
be observed surrounding this cell group as well as the whole ring. In a full 
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grown ring-gland of a mature larva one may count about 20 cells of that 
type. The smaller cells of the ring are in their general aspect similar to its 
larger elements. Their nuclei are round (5-6 u in diameter) and have one 
nucleolus. As in the large’ ring cells, the nucleolar membrane is distinct. 
The cell diameters are from about 8 to 20 uw. The cytoplasm, being less 
vacuolated, stains somewhat deeper than that of the large cells. Nerve 
cells as described by Burtt (1937) in Calliphora vomitoria have not been 
found in the ring-gland of Drosophila. No direct histological evidence 
could be brought forward until now for a glandular activity of the ring- 
gland cells (i.e., presence of granules or colloid substances in the cytoplasm, 
etc.). But the general appearance of those cells (affinity of the cytoplasm 
to stains, vacuolization, large size of nuclei and their large amount of 
chromatin) do at least not speak against a secretory activity. 

3. Homology of Ring-Gland and Corpora Allata.—Already in the first 
paper on Drosophila (Hadorn, 1937a) the question of a homology between 
ring-gland and corpora allata has been discussed. At the same time 
Burtt (1937) working with Calliphora vomitoria concluded that Weismann’s 
ring represents a modified corpus allatum. He did not, however, prove 
this assumption by an embryological study, but he gave a comparative sur- 
vey emphasizing the great variability in shape, size and position of the 
corpora allata not only within the insects but even within the Diptera. 
As yet the embryological development of the ring-gland in Drosophila has 
not been studied, this small species not being the most favorable object 
among the dipterous insects. But on the basis of a histological study of 
different postembryonic stages we came to the same result in Drosophila 
as Burtt in Calliphora. Among further morphological correspondences be- 
tween ring-gland and corpora allata, we may mention their position in the 
body and relationship to other organs (especially to the dorsal vessel and 
to the tracheal system) and the histological properties of their elements 
(affinity to plasma stains, granular cytoplasm containing vacuoles, appear- 
ance of the nuclei, etc.). 

There is one point more to be discussed concerning the two different cell 
types in the ring-gland of Drosophila. As mentioned above, the smaller cell 
elements have a well circumscribed position within the ring, being even sepa- 
rated from the large gland-cells by a fine membrane. Therefore the ques- 
tion arises whether this well defined central cel! group forms a special part 
of the corpus allatum or must be separated from it as a different structure. 
It is very probable that the small ring-cells represent the corpora cardiaca 
(Pflugfelder, 1936-37, p. 47; esophageal ganglia, Burtt, 1937; pharyngeal 
ganglia of other investigators). Several reasons speak in favor of such an 
assumption : 

(1) The name of corpora cardiaca was proposed by Pflugfelder for 
the “pharyngeal ganglia’ of other authors, because of their intimate re- 
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lationship to the blood vessel system; in some insects (for instance in Nabis, 
Rhynchota) the corpora cardiaca represent even a modified and thickened 
wall of the heart or aorta, respectively. In Drosophila the close contact 
between the small ring-cells and the thin membrane of the dorsal vessel is 
obvious. 

(2) Another reason for discarding the former name of pharyngeal or 
esophageal ganglia is that, at least in part of the insects, their purely gangli- 
onic nature can no longer be maintained. Pflugfelder (1937a and b) showed 
that for instance in Dixippus morosus part of the cells of the corpora car- 
diaca contain (secretory or excretory?) osmio- and fuchsinophile substances. 
The small cells of the Drosophila ring have a glandular appearance rather 
than a nervous. 

(3) The position of the corpora cardiaca in a number of insects (for 
instance in Syromastes, Rhynchota) is closely oralward of the corpora allata, 
with only a thin membrane separating these structures from each other. 
One may easily assume that in Drosophila the corpora allata on the basis of 
their special development have grown around their corpus cardiacum, thus 
building an even more intimate connection. The thin membrane found 
between the smaller and larger ring cells has already been mentioned. 

(4) From other insects we know that the cell elements of the corpora 
cardiaca are smaller than those of the corpora allata. 

(5) There has not been found as yet another organ in cyclorraphous 
insects which could be homologized with the corpora cardiaca. 

In this connection we may ask what conditions we find in the other 
cyclorraphous insects. In the ring of Lucilia (we have studied only two 
specimens to date) we found also two cell types of different size and ap- 
pearance, but they are not so separated from each other as in Drosophila. 
According to Burtt (1937, p. 21, Fig. 6) the same seems to be true for Calli- 
phora vomitoria. Whether these smaller cells scattered in the ring-glands of 
Lucilia and Calliphora correspond to the group of small elements in the 
Drosophila ring cannot be decided at the present. In the same way the 
question of a homology between the small ring-gland cells and the corpora 
cardiaca will remain uncertain as long as we do not have a more detailed 
study of those organs in different groups of insects. 

4. Development of the Ring-Gland in Normal and Lethal Drosophila 
Larvae.—In young larvae (age: 1 day, 1 day and 19 hours) the ring-gland 
elements (diameter of nuclei 3 u) cannot yet be differentiated with certainty 
from the surrounding tissues, especially from the salivary glands. Normal 
larvae aged 2 days and 22 hours show already a typical ring. The ring- 
gland cells in this stage as well as in 3 day old larvae are to be distinguished 
from those of older ones by their size, the diameters of the nuclei being only 
from 6 to 8 uw. The smaller cells are already present in the center of the 
ring, but they do not differ so much in size from the large ones as later. In 
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three day old larvae the diameters of the small cell nuclei are from 4 to 5 y. 
At the age of 3 days and 16 hours the ring-glands as well as their elements 
have reached their full size (Fig. 1) and now do not differ from the oldest 
normal stages described above. 

Accordingly we may state that the growth of the ring-gland during the 
larval development of Drosophila takes place by an increase in the size 
of the cells, but not by a con- 
siderable increase in their 
number. That is why mitoses 
are to be found only exceed- 
ingly rarely in the ring-gland 
cells. 

Also in the /gl-larvae the 
ring-gland has reached its 
final size at the age of 3 days 
and 16 hours but there is one 
striking difference in contrast 
to normal larvae. The ring- 
glands of /gl-larvae are consid- 
erably smaller than the nor- 
mal. Even in 5-6 day old /gl- 
larvae (Fig. 2) the length of 
the ring is only about 120 uy, 
the width 70 u and the depth 
30 uw. As we may expect from 
what was said about the 
growth of the normal ring, the 
comparative smallness of the \\ 
lethal ring-gland is due to the : FIGURE 1 
fact that the cells are smaller Paramedian sagittal section of ring-gland 
than normal. The nuclei of (corpus allatum) of a normal Drosophila larva 


(age 3 days and 16 hours). Camera lucida 
drawing. 


TRACHEA 


LARGE 


these large ring cells do not 
reach greater diameters than 
from 7 to 10 uw. In this con- 
nection it must be emphasized 
that an /gl-larva is as a whole 
not smaller than a normal one of the same age. Besides the size there 
have been observed no other marked differences between normal and 
lethal ring-gland cells, at least not with the technique used and on the 
basis of the present material. The small cell type in a lethal ring-gland 
does not differ in size from that in normal ones, neither are those cells 
less in number. 

From the experiments of Hadorn (1937a) it was concluded that an /gl- 


FIGURE 2 
Corresponding section of a lethal (/gi/-) larva 
(age 5 days and 5 hours). 
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ring-gland does not furnish enough hormone to bring about puparium 
formation at the right time. The histological statements reported above 
may explain this fact. An /gl-ring-gland never grows to full size and ap- 
parently does not as a rule reach the hormone producing phase. It re- 
mains rather at a stage typical for a young normal larva of about 3 to 3!/2 
days. Unpublished transplantation experiments of Hadorn and Neel show 
that it is impossible to promote puparium formation with unripe glands 
even if they are of genetically normal constitution. 

We are, however, not allowed to assume that an /gl-gland does not pro- 
duce any hormone at all, since many of the lethal larvae later may form 
puparia. It is rather possible that an /g/-ring-gland, in spite of its under- 
developed histological structure, furnishes a small amount of hormone 
which reaches the necessary threshold only with great retardation. 

A more detailed discussion of the literature will be given in another paper. 

5. Summary.—The finer structure of the ring-gland (Weismann’s 
“Ring’’) in Drosophila melanogaster is described. For the secretory activity 
of the ring-gland cells (pupation hormone) as suggested by Hadorn (1937) 
no histological evidence could be established. The ring-gland, or at least 
its greater part (large cells), is homologous to the corpora allata found in 
other insects. The question of a homology between the small ring-cells and 
the corpora cardiaca (Pflugfelder) is discussed. During the larval develop- 
ment of Drosophila the growth of the ring-gland (corpus allatum) takes 
place by an increase in the size of the cells. In the grown-up /gl-larvae the 
ring-gland as well as its cell elements is considerably smaller than normal. 
It is therefore concluded that the retardation in the puparium formation of 
the /g/-larvae is caused by an underdevelopment of their corpora allata. 


This research was aided by a grant to the University of Chicago by the Rockefeller 
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1. Let D be a normal division algebra of index m = 5 (i.e., of order 25) 
over a field F.' Very little is known concerning the structure of such a D, 
whereas the normal division algebras of smaller index have been com- 
pletely discussed. In this paper, I will show that there exists an extension 
field F*, obtained by successively adjoining to F the roots of two quadratic 
equations and one root of a cubic equation, such that the extended algebra 
Drs over F* is cyclic. This implies that D possesses soluble splitting fields, 
of degree at most 60. The question whether a given division algebra has 
soluble splitting fields resembles the question in the commutative case 
whether a given equation can be solved by means of radicals. Our method 
is analogous to the Tschirnhaus transformation of an equation. We shall 
have to solve four equations, of degrees 1. 2, 3, 4, respectively, for 25 
parameters. We shall succeed in doing so after adjoining successively 
algebraic quantities of second and third degree to the ground field. The 
reason that the corresponding procedure does not work in the case of the 
solution of equations of the fifth degree is that there we have only five 
parameters instead of 25 parameters. 

Our result for normal division algebras D of index 5 does not answer the 
question whether any such D itself is cyclic. However, it remains only to 
investigate algebras D with relatively simple splitting fields, and it may 
be hoped that this will greatly simplify the work on that problem. 

The method given here can also be used for the investigatton of normal 
division algebras of index m = 3 and m = 4; it yields a proof of the theo- 
rems of J. L. M. Wedderburn? and A. A. Albert* for these cases. 

2. Let D be a normal division algebra of index m over a given field F. 
There exists always a separable splitting field F(#) of degree m over F. 
Let 3; = B, do, ..., 3, be the conjugates of # with regard to F. We 
denote the normal field F(,, de, . . ., 3,,) by 2, and its Galois group by G; 
and we set w° = w’, if the number w of @ is carried into w’ by the element 
G of G. If = we write v = wG. A conjugate triple system 
in Q is a system of m* numbers ¢,,, (a, B, y = 1, 2,..., m) in Q, such 
that the equation 


G 
CaBy = CaG, BG, 


holds for every G in @ and for all a, B, y. Similarly, conjugate double 
systems /,, in 2 are systems of m? numbers of 2 for which = 1.6, 6G 
holds. 
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It was shown in a previous paper,‘ that to D there corresponds a system 
of m* numbers c,,, such that 


(a) Cagy iS a conjugate triple system in Q, 
(0) Capylays Caps (a, 6= 2, m), 
(c) + 0 for all a, B, 


The system C,,, is called the factor system of D. The algebra D is then 
isomorphic to the algebra D) consisting of all matrices of degree m of the 
form 


(k, A= i. 2 m) (1) 


where /,, is any conjugate double system in 0. 
3. We form the characteristic polynomial of the matrix A 


(xl — A | = x" — + — + (-1)"h, 
(I denotes the unit matrix of degree m). A simple computation gives 


pPix<pox. . 


where the inner sum is to be extended over all permutations 0, 2, . . ., ¢, 
of pi, pe, . -» py and where x(o1, o2,..., is +1 or —1 according as the 
permutation is even or odd. 

We now put in (1) 


= 0 (x = 1,2,..., m), 


(3) 
= (to + m8, +... + Um — 8% = (« A) 


where up, W,*. . ., 4», — ; are numbers in F which do not all vanish. Ob- 
viously, we obtain a conjugate double system. From (2) and (3) it follows 
that . . . is a homogeneous polynomial P,, _ , of degree 
mM — TiN Up, M1, Um — 1: 


We show that the coefficients of P,, _ , lie in F. We apply an element G 
of @. Then h© equals the corresponding coefficient in the characteristic 
equation of A®, the image of A underG. We may, for a moment, consider 
Uo, Uy, ..-, Um — 1 aS indeterminates which are not changed by G. Put 
kG = «’, GG = 1G = &. Then we have = (Corel), and after 
rearranging the rows and columns using the same permutation both times, 
we see that A is similar to 


A; = (Cerrar) (x, A= m). 


However, A and A, are similar, since A = QA,Q~! with 


| 
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as follows at once from the property (b) of the ¢,,,. Consequently, A 
and A® are similar and have, therefore, the same characteristic equation. 
This gives hf = h,. Since the factor of h, in (4) is invariant under G, the 
same is true for the coefficients of P,,, — ,(uo, #1, . . -, Um — 1). Hence these 
coefficients lie in F.5 

The first equation (3) together with (2) shows that 4; = 0. From (4) 
it follows that 


identically in %4, ..., Um, — By the special choice of J,, in (3), we 
disposed of m? — m parameters which appear in the general /,,. We 
have, however, the advantage that the equation (5) of degree m — 1 is 
identically satisfied. 

4. Wenow take m = 5. We choose uo, U2, U3, Ws from the equations 


P,(u, Us) > 0, P2(uo, us) = 0, P3(uo, Us) => 0, (6) 


which are homogeneous of degrees 1, 2 and 3. After eliminating one 
indeterminate by means of P; = 0, we may interpret the remaining wu, as 
homogeneous coérdinates in a 3-dimensional projective space. We have 
then to find a point on the intersection of a quadric and a cubic surface. 
We first determine a straight line s on the quadric. This may require the 
solution of two quadratic equations. After adjoining the roots to F we 
take the intersection of s with the cubic. Here we may have to solve a 
cubic equation. The adjunction of a root to F gives a soluble field F*, 
of at most degree 12, and in F* the equations (6) have a non-trivial 
solution. 

We now replace F by F*. The factor system of D remains the same. 
The element A of D, corresponding to the choice (3) of the J,, and (6) of 
Uo, U1, . . -» Ua, iS different from 0. Its characteristic equation is 


x —h = 0, (As in F*). 


Hence F*(/h,) is a splitting field of Drs. This implies that Dye is a 
cyclic algebra over F*.® 

We had to solve two quadratic equations and one cubic equation in 
order to obtain F*. If F has not the characteristic 2 or 3, we can obtain 
a field F* such that Drs is cyclic, by successively adjoining three square 
roots and a cube root to F. 
5. The same method can be used in the case of normal division alge- 
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bras of index m = 3. Here we have to consider only the linear equation 
P, = 0 in (6). Without any further adjunction, we obtain an element 
A + 0 in D, with a characteristic equation x* — h; = 0. This gives 
Wedderburn’s result that all normal division algebras of index 3 are cyclic. 

In the case m = 4, we again consider only the equation P; = 0 instead 
of (6). We obtain an element A + 0 in D, which has a characteristic 
equation of the form x‘ — fox? — hy = 0. The construction of such an 
element A forms the main part of Albert’s proof of the theorem that every 
normal division algebra of index m = 4 possesses a Galois splitting field of 
degree 4 and can, therefore, be written as a crossed product, provided the 
characteristic of F is different from 2. 

1 For references to the theory of algebras, cf. M. Deuring’s book: Algebren (Ergeb- 
nisse der Mathematik, Berlin, 1935). 

2 J. L. M. Wedderburn, Trans. Amer. Math. Soc., 22, 129 (1931). 

3 A.A. Albert, Trans. Amer. Math. Soc., 31, 253 (1929) and Bull. Amer. Soc., 38, 703 
(1932). 

4R. Brauer, Math. Zeitschr., 30, 79 (1929). 

5 This can also be seen from general considerations concerning simple algebras, 
without using the explicit form (1) of the elements. 

6 A.A. Albert, Trans. Amer. Math. Soc., 36, 885 (1934). For the case of a field F 
of characteristic 5, cf. A. A. Albert, Trans. Amer. Soc., 39, 183 (1936). 
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1. The lift function Y and the drag function Xare defined by the equation 


dX = (p+ pu*)dy — puvdx = pdy + udp = (p + pq’)dy — prdd, 
dY = purdy — (p + pu®)dx = vdy — pdx = pudgo — (p + pq’)dx, (1) 


where u, v are the component velocities, p is the pressure and p is the 
density at the point x,y. The symbol g? is written for u? + v?. Putting 
x = rcos6, y = rsin#, v, = ucosé + v sind, % = vcosé@ — u sin 
we have 


dX = (pp sin 6 — pv,v, cos + (p, cos — sin 0)rdé, 
dY = (pf, sin 6 + pv,v» cos 6)rd8 — (pp) cos + pv,t% sin 6)dr, (2) 


where p, = p + pu?, py = p + pus. 


' 


VoL. 24, 1938 PHYSICS: H. BATEMAN 


Generalizing the analysis of Glauert and Lamb we write 


¢ = V[rcos@ + Ao + Ai logr + Ax(logr)? +... 
+ (1/r){Bo + By log r + Blog +...} +...) 
= po V[rsind+ C+ C logr+ Ci(logr)? +... (3) 
+ (1/r){Do + Di log r + Da(log r)? +...) +...], 


where the coefficients A,, B,, C,, D, are all functions of 6. 
Differentiating these expressions with respect to r and @ we find 


V[cos 6 + (1/r) {Ai + 2A, log r + 3A;(log r)? + .. 4 
+ (1/r)*{(Bi — Bo) + (2B, — By) logr +...} +...], 
= (1/r) = V[—siné + (1/r) {Ag + Ajlogr + A;(log r)? + 


+ (1/r)?{ By + Bi log r + By(log r)? +... } +...], 


, 
pv, = (1/r) =p. V[cos0 + (1/r) {Co + log r + C,(log r)? + 
+ (1/r)?{Dp + Di logr + Dj(logr)?+...$ +...) 4) 


= p.V[—sin@ — (1/r){C, + 2C.logr + 3Cs(logr)? +...} 


+ (1/r)?{ Do — Di + (Di — 2D2)log r + (Dz — 3Ds)(logr)? ++... } +...], 


where primes denote differentiations with respect to 8. 
We shall endeavor to express as many coefficients as possible in terms 
of A and C. To find the expressions we shall assume that 


= + Ro(1/r) + Ri(1/r) log r + Re(1/r)(log 7)? +... 
+ So(1/r)? + Si(1/r)? log r + So(1/r)*(log r) +... .] (5) 


where the coefficients R,,, S,, are all functions of 6. 

Using this expression for p to obtain series for pv, and pv, from those for 
v, and v% and then comparing the chief terms in the two sets of expansions 
we obtain a set of equations of which only four will be written down here 
as sufficient for our present needs but it may be mentioned that the other 
equations may be needed for a later calculation of the moment on a sta- 
tionary obstacle. 


Ro cos 6 + A; = C;, R, cos 6 + 242 = Ci, (6) 
— Ry sin + Aj = —R, sin 6+ Ai; = —2C2. 


To obtain another set of equations we shall suppose that the pressure 
and density are connected by the relation p = f(p) — pf’(p) so that if c 
is the local velocity of sound, c? = dp/dp = —pf"(p). We shall suppose, 
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moreover, that the arbitrary constant in f’(p) is chosen so that the equa- 
tion of Bernoulli is 1/2g? = f’(p). Then by Taylor’s expansion, if a? = 
(dp/dp). = —pof"(p.), we have 


= '/2V2 + (p — (po) 


Substituting the expression for p — p.. and equating coefficients of (1/r), 
(1/r) log r, etc., we find that 


V?(A; cos @ — Aj sin 0) = —a?R, V?(2A2 cos — A; sin 0) = —a?R, 
(7) 


the other equations being omitted though they may be needed in a calcu- 
lation of the moment. 
Writing A, = A(a? — V? sin? 6), C, = C(a? — V? sin? 0) we find that 


Ay = —V?A sin 6 cos @ — a?C, C, = (a? — V2)A — V°C sin 6 cos 8. 
(8) 


If the total circulation is —K, a finite quantity, we find that 


K=— wrdd = —V f Ad = Vi S Asin 6 cos0d0+a2?V 
0 0 0 0 


(9) 
and that A;, Ao, ... must be uniform functions of 6. 
Furthermore, if there is no flow of matter to infinity on the whole C», 
Ci, C2, ... must be uniform functions of 6 and so, in particular, 


Qr 
Cie (a2 — V2) Add = V? Csin@ cos (10) 
0 0 0 


We also find from equations (6) and (7) that 


Ry = —V*(A cos 6 + C sin 6), 
Ri(a? — V? cos? = V2A; sin @ — V2C; cos 8, 
2A.(a? — V? cos? 0) = a®C, — V2Aj sin 6 cos 6, (11) 
—2C.(a? — V2 cos? 0) = A;(a? — V2) + sin cos 8, 
+ ap — pa) +... 
= Pe — po V%(A; cos — Aj sin 8)(1/r) 
V2(2A2 cos — A: sin 6)(1/r) log r approximately. 


Combining the last equation with equations obtained by forming the 
squares and products of the series in equations (4) we find that to a first 
approximation 
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Po + po V2[cos? 6 + (1/r)(C, cos 6 + A; sin 8) 
+ (1/r)(log r)(C; cos 8 + A; sin 6)] 
= pa V2[—sin cos @ + (1/r)(Aj cos — C; sin 0) (12) 
+ (1/r)(log r)(A; cos @ — C; sin @) 
Po + po V*[sin? 6 + (1/r)(C, sin — A; cos @) 
+ (1/r)log r sin @ — 2A: cos 


py 


II 


Pe 


Hence to a first approximation 


+ dé [p.r cos + V%(r cos @ + Cy + C, log r)] 


X = (p. + po V*)r sin 0+ pao V2(Co + C, log r); (13) 


thus X is a uniform function of @. 


—dY = dr[p.. cos 6 + (1/r) 
(c, sin cos — A; cos? @ + Aj sin @ cos @ — sin? 0) + (1/r) 
log r (2C2 sin cos @ — 2A2 cos? @ + Aj sin cos @ — C; sin? 4) 
+ do[p.rsin@ + (14) 


Y= peor — Ailogr+...}. 


Since A, is a uniform function of 6 the total lift is K Vp., as in the theorems 
of Lord Rayleigh, Kutta, Joukowsky and Glauert. 

2. We now introduce the functions x = ux + vy — ¢, 2 = puy — 
pvx — y, which occur in the theory of the Legendre transformation of the 
partial differential equations satisfied by ¢ and y. Their approximate 
expressions are 


V[A; — Ao + (242 — Ai) logr +... 


+ (1/r){B, — 2Bo + (2B, — 2By) logr+...} +...] (15) 


+ (1/r){D, — 2D) + — logr +...} +...]. 


We see that both x and 2 are generally infinite for large values of r. When 
r is kept constant Q is a uniform function of @ but x is not; the change in 
x as 6 increases from 0 to 27 is for large values of r equal to K. 

It should be remarked that if we write u = q cos w, v = q sin w, the func- 
tions x and © are connected by the equations 


an ox ox 


1 


ay 

| 

¥ 

= 

6 

ow dw 

¥ 
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3. If, by means of equations (1) we express dX and dY in terms of d¢ 
and dy we obtain the equations 


pdd = dX — ud Y, 

(pb + pq?)dy = p(udX + wd Y), (17) 
= pprdd + (p + pq?)udy, 
pg’dY = —ppudd + (p + pq*)vdy 


which may be compared with the equations 


dp = udx + vdy, 
dy = pudy — prdx, (18) 


pq’dy = + udy. 


Introducing a fictitious elastic fluid in the X Y-plane and using large 
letters for the quantities relating to this fluid except for the density which 
we denote by oa, we have relations 


P=-1/p, P+oQ? = —1(p + pq’), Q=4/P, 


_ 4P -£.( £) 
dQ b+ pg? 


The last equation, which corresponds to dp/dg = —gp shows that P, 
Q, « are connected by the same relation as the pressure, velocity and 
density in an elastic fluid. We also have the relations 


+ pgq?)dx = puvdX — (p + pu*)d Y, 


+ = (p + — Y, (20) 
b+ pu? b + pv? 
+ 


which show that there is a complete reciprocity between the real fluid 
and the fictitious fluid. Another correspondence between two elastic 
fluids may be obtained by introducitig two arbitrary constants h, H and 
writing x’ = x +hY, y’ = y — hX, X'’ = X + Hy, Y’ = Y— Hx. We 
then have the relations 
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wdX’ — udY’ = (p + H)dg, pudX' + pod Y’ = (p + pq’? + H)dy 
ody’ + udx’ = (1 — hp)dd, pudy — pudx’ = 1 — h(p + pq?)dy. (21) 


Writing ¢’ = ¢, y’ = (1 + hH)y and introducing primed quantities for a 
fictitious fluid in which y’ is the stream function and ¢’ the velocity po- 
tential, we have the relations 


£2 u v q 
, _ — ph)(1 + Hh) b+? +H 


= 
a 

(1 — hp)? 


The last relation shows that g’* > c’? when q? > c?. This is to be expected 
from the general behavior of characteristics in a point transformation. 


(22) 


H. Glauert, Proc. Roy Soc. London, 118, 133, (1928). 
H. Lamb, Aeronautical Research Committee, R. M., 1156 (Ae 321) (1928). 
E. Postolesi, Le Alte Velocita in Aviaztone, 283, Rome (1936). 
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